We summarize observations of 29 slow pulsars discovered in recent surveys at Arecibo Observatory. Our sample includes some of the least luminous pulsars known, and forms a group of objects that generally have lower spin-down energy loss rates than the bulk of the population. By measuring pulse times of arrival over spans of one year or more, we have derived precise spin and astrometric parameters for each object. In addition, we present values of dispersion measure, pulse width, and ux density, and we display pulse shapes. We tabulate some derived parameters and discuss objects of particular interest, including one with mode changes, one with signi cant scattering, and one with the longest known pulse period. We also discuss implications for the scale height of the free electron distribution from the observed distribution of DM sin jbj.
Introduction
Recently, much e ort has been put into searches for pulsars spinning with millisecond rotation periods (see, e.g., Camilo 1994b). Numerous long-period pulsars have been discovered as a byproduct of these search projects at Arecibo Observatory (Nice, Fruchter, & Taylor 1995; Nice 1992; Camilo 1994a ). The search observations immediately yield pulse periods with 0:1% precision and positions with uncertainty 5 minutes of arc. Re nement of these parameters, as well as measurement of pulsar spin-down rates, can only be accomplished through timing measurements over an extended period of time | typically, observations spread over at least eight months are needed to decouple the position and spin-down values in the pulsar timing model. Detection of orbital motion, if present, also requires observations at multiple epochs.
Pulsar luminosities can be derived from distance estimates and measured ux densities. Distances must be estimated from dispersion measures (DMs), which are most easily found through observations at widely-spaced radio frequencies. Interstellar scintillation induces variations in observed pulsar ux densities. Accurate measurement of intrinsic pulsar ux densities therefore requires observations at many epochs. Intensity modulation due to scintillation is responsible for the discovery of some pulsars whose mean ux density is lower than the nominal survey detection limits (0.4 to 0.9 mJy for the surveys relevant to this paper).
We have used the 305 m telescope of the Arecibo Observatory to make an extensive series of observations of 29 newly discovered slow pulsars. Observations were made at numerous epochs, in all cases spanning at least one year, and in some cases spanning more than three years.
Observations and Analysis
Observations of some of these pulsars were made at irregular intervals between February 1991 and March 1993. Systematic observations began with a month-long campaign in April 1993, which allowed us to establish for each object an unambiguous phase-connected timing solution (i.e., we were able to account for each rotation of each pulsar in the time spanned by our observations). Subsequent sessions, consisting of one or two observations of each pulsar at a given epoch, were made near 30 May, 1 July, 10 August, 14 September, 5 October, 14 November, and 11 December, 1993, and 8 January and 5 March, 1994 . Final observations of a few sources were made on 19 October, 1994. On a given day, a pulsar was generally observed for two ve minute intervals separated by thirty minutes. The bulk of the observations were made at 430 MHz. A few observations of most of the pulsars were made at 318 MHz to allow high-precision DM determinations.
Two data acquisition systems were used. Observations before November 1992, employed a 2 128 78:125kHz autocorrelation spectrometer, boxcar integrated at 516.625 s intervals. Observations after November 1992, used a 2 32 250kHz lterbank, in which detected outputs were ltered with a 333 s time constant and sampled at 250 s intervals. For observations at 430MHz, dual circularly polarized signals were summed after detection. For observations at 318 MHz, a single linear polarization was used. In each case data were written to tape for o -line processing.
Data were analyzed by dividing scans into records of 65 s duration. In each record, intensity values from each frequency channel were shifted in time to counteract the di erential propagation time caused by interstellar dispersion; the dedispersed signals from all channels were summed; and the resulting one-dimensional time series was folded modulo the pulsar period to form intensity pro les with 512 bins, i.e., 2 milliperiod (mP) resolution. In the worst cases pulse smearing caused by di erential delay within a 250 kHz lterbank channel was comparable to the binning resolution.
Pulse times-of-arrival (TOAs) were obtained from pulse pro les using standard methods, by tting the individual pro les to high signal-to-noise ratio pro les formed by the coherent addition of many data, and adding the o set thus obtained to the scan start time. Pulsar rotation models were t to sets of TOAs using the tempo program (Taylor & Weisberg 1989) , together with the JPL DE200 solar-system ephemeris. The data set for each pulsar included 100 to 300 TOAs. For pulsars from which both correlator and lterbank data were collected, an o set was t between the data sets to allow for di erent propagation times within the two systems. Each pulsar's TOAs could be t to a simple model of a spinning-down, isolated neutron star. There was no evidence of orbital motion of any pulsar.
Dispersion measures were determined by tting data collected at 318MHz together with those at 430MHz. A few pulsars were too weak to be detected with the less sensitive 318 MHz system; for these sources, the 430 MHz band was split, and di erential arrival times between sub-bands were used to determine the DMs.
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Pulse pro les and parameters were re ned using a bootstrap process. After the rst-cut timing solutions were generated, the raw data were re-analyzed using the improved parameters. A nal set of TOAs was generated from these pro les.
Results
In table 1 we present the observed parameters for the pulsars in our sample. From the timing model we derived celestial coordinates ( , ), periods P , period time-derivatives _ P , and DMs. TOAs were weighted uniformly in the ts. Uncertainties in the table are three times the formal t uncertainties; we chose these relatively conservative values as a precaution against parameter bias caused by long-term timing noise. The post-t rms timing residuals, , are based on 65 s integrations. Pulse widths at half-maximum, w 50 , and at 10% of peak intensity, w 10 , were obtained from linear interpolation of the bin values in the standard pro les and therefore have resolution of approximately 2 mP. The exception is PSR J1951+1123, for which w 50 was obtained from higher resolution data by Nice (1992) . The ux density values (S 430 ) were estimated by a comparison of the pulsar signal strength with the system noise in each scan. Statistical uncertainties for the quoted ux density values are about 30%, due primarily to interstellar scintillation; the lack of a rigorous calibration procedure introduces systematic uncertainties that are probably of the same order | we believe our measurements are accurate to approximately 50%.
In gure 1 we display integrated pulse pro les for the pulsars at 430MHz. The pro les for each pulsar were obtained by adding all of the data from which we extracted a valid TOA and which displayed reasonably at o -peak baselines. E ectively, we excluded data from epochs in which a pulsar was especially weak or in which terrestrial interference was signi cant.
In table 2 we list some parameters derived from those tabulated in table 1. The distances, d, were obtained from the model of Taylor & Cordes (1993) ; uncertainties are nominally 25%. The height above the Galactic plane, z, is given by z = d sin b, where b is the Galactic latitude. The characteristic age , \spin-down luminosity" _ E, and surface magnetic dipole eld strength B are derived from measurements of P and _ P through the expressions = P=(2 _ P ), _ E = 4 2 I _ P P ?3 , and B 3:2 10 19 (P _ P ) 1=2 G, with P in seconds. I is the moment of inertia of a neutron star, taken to be 10 45 g cm 2 . The radio luminosity is L S 430 d 2 .
Discussion
The periods and period derivatives of these pulsars are shown in gure 2 along with those of all other pulsars. There are no great surprises, but there are a few points worth noting.
Overall our pulsars tend to have lower period derivatives than the sample population as a whole. The origin of this trend is not clear, but it is likely a selection e ect of the surveys from which this group of pulsars was drawn. Cataloged pulsars with high period derivatives are generally young (short period) sources near the Galactic disk. Scattering and dispersion in the interstellar medium makes their detection di cult in relatively low frequency surveys such as those in which our sources were discovered. At higher frequencies these e ects are less severe (Clifton et al. 1992; Johnston et al. 1992) . It is interesting to note that, while a majority of our pulsars are in the \death valley," a region de ned by Chen & Ruderman (1993) in which radio emission is expected to drop o , none are beyond the \death line."
The lower period derivatives yield old ages for our pulsars. Only one has a characteristic age of less than one million years, while ve have ages in excess of 150 million years (see gure 3). In particular, PSR J2307+2225 has a characteristic age of 10 9 yr, making it younger than only three other slow pulsars, out of a population of 500. We should remark upon the possibility that this is a recycled pulsar: it has long been recognized that the mechanism that produces bound neutron star{neutron star pairs (such as PSR B1913+16) must also produce pairs of isolated pulsars, one of which would be mildly recycled. An example of the latter may well be PSR J2235+1506, an isolated 59 ms pulsar with a magnetic eld of 3 10 9 G and a characteristic age of about 6 10 9 yr (Camilo, Nice, & Taylor 1993) , but in any case, few of these isolated recycled pulsars are known. The dipole eld strength of PSR J2307+2225 is only a factor of three higher than that of PSR B1913+16.
In the absence of a rmly established theory of high-energy particle emission by pulsars, the quantity _ E=d 2 has been used as a rough indicator of likelihood that high-energy emission will be detected from a source. The EGRET instrument of the Compton Gamma-Ray Observatory has detected -ray emission from four of the 40 radio pulsars with the highest values of _ E=d 2 , corresponding roughly to those with spin-down ux greater than about 3 10 33 erg s ?1 kpc ?2 (Thompson et al. 1994) . Two pulsars in our sample, PSRs J1908+0734 and J1918+1541, satisfy that criterion. The EGRET team has looked for, and has not found, excess -ray emission from either of the two sources (D. Thompson, private communication) . We cross-correlated our pulsar positions with sources in the EOSCAT (Einstein IPC) catalog of X-ray sources, and found no coincident sources 3 . In fact, our sample of pulsars seems to have a disproportionate number of objects with low spin-down luminosity: fully one third of our pulsars have _ E < 10 30:9 erg s ?1 , whereas only 5% of the other 500 slow pulsars do. Again, this is a re ection of the relatively low period derivatives of these pulsars.
Tauris et al. (1994) recently reported the detection of a pulsar, PSR J0108?1431, with luminosity 20 times lower than previously cataloged sources. Their detection of this low-luminosity pulsar was possible because of its relative proximity to the Sun. It is not surprising that deep Arecibo surveys would also detect very low-luminosity pulsars at distances greater than that of PSR J0108?1431. Indeed, our sources include the pulsars with the lowest measured ux densities outside of globular clusters. While none of the sources measured in this project reach the 0.06mJy kpc 2 reported for PSR J0108?1431, several do have luminosities below 1 mJy kpc 2 , as indicated in gure 3, suggesting that low-luminosity pulsars are not particularly unusual.
Scale Height of Free Electrons
In table 3 we list the vertical component of the dispersion measure, DM sin jbj, for all of the pulsars in our sample for which jbj > 20 as well as other pulsars discovered in recent deep Arecibo searches. The distance model of Taylor & Cordes (1993) accounts only for n 1 h 1 = 16:5cm ?3 pc (electron column density integrated to in nity at b = 90 ), which should therefore be the upper limit for DM sin jbj in the solar neighborhood. However we see that as many as 15 high-latitude sources, out of 21, exceed this limit. Hence we quote only lower limits for the distance of several of these sources in table 2. The distance model is only as good as the observational data that were used to derive it. Because few high-latitude pulsars with independently measured distances are known (those in globular clusters primarily), it is not surprising that the vertical component of the distance model is not one of its better-constrained features (in addition, the smoothed-out electron density model is obviously a simpli cation). High latitude pulsar searches, while not providing any more pulsars with independently known distances, provide useful semi-quantitative input data for future iterations of the model; the observations suggest that a thicker layer of free electrons is called for, at least near the Sun.
PSR J1910+0714: Mode Changes
Approximately one dozen pulsars are known to be \mode-changing," i.e., they display more than one distinct pattern of emission that is coherent over many pulse periods (see, e.g., Bartel et al. 1982) . Depending on the relative frequencies of the various modes, and on details of observing programs, it is likely that many more mode-changing pulsars have gone unidenti ed as such. We were not speci cally looking for mode changing, but discrepancies in the TOAs led us to identify two distinct emission modes in PSR J1910+0714, as illustrated in gure 1. Dividing our data set into records of 65 s (24 P ) duration, we found 104 records in mode 1 and 20 records in mode 2. (These numbers are necessarily approximate, as we ignored the possibility of records with mixes of mode 1 and mode 2.) We found mode 2 records on ve of 14 observing epochs. Our observing schedule for this source (5 minutes on, 35 minutes o , 5 minutes on) was not optimized for analysis of these mode changes, so we make only two comments. First, the pulsar never switched from one mode to another and back within a 5 minute scan, suggesting the interval between changes is at least 5 minutes. Second, at one epoch the pulsar changed into mode 2 before the second scan, and returned to mode 1 during that scan, placing an upper limit of 40 minutes for continuous mode 2 emission. Mode-changing intervals in other pulsars are highly variable (Bartel et al. 1982 ), so it is not clear whether our observations should be considered typical behavior for this source.
PSR J1918+1541: Interpulse
PSR J1918+1541 has an interpulse with a relative amplitude of 0:12 0:03 located (163 2) after the highest peak, and (174 2) after the minimum in intensity preceding the highest peak. Fourteen of 500 known slow pulsars, or about 3%, display interpulses (Taylor, Manchester, & Lyne 1993) . It is therefore not surprising that we should have found another one in a sample of 29 objects. Given the wide separation between main pulse and interpulse, it is likely that we are seeing opposite magnetic poles of the neutron star.
PSR J1946+2611: Scattering
Pulsars whose signals propagate through large distances at low Galactic latitude su er from multi-path propagation e ects, resulting in smeared pulses. If the e ect is large enough, a \scat-tering tail" results, an e ect apparent in the pro les of PSR J1946+2611 in gures 1 and 4. The one-sided 1/e tail for this pulsar is s = (42 6) ms at 430 MHz. Scaling with frequency as f ?4:4 (Cordes, Weisberg, & Boriako 1985) , s is expected to be about 1 ms at 1 GHz, the standard cataloged frequency, and approximately 160 ms, or about 1/3 the pulse period, at 318 MHz, in good agreement with gure 4. Scattering increases rapidly with increasing distance and therefore DM (although it depends on more than just DM). PSR J1946+2611 is highly scattered in the sense that, aside from PSR B1845?01 (DM = 159cm ?3 pc and s;1 GHz 1 ms), all pulsars with DM smaller than that of J1946+2611 also have smaller s;1 GHz (Taylor, Manchester, & Lyne 1993) . The model of Taylor & Cordes (1993) predicts a scattering timescale of about 0.007ms for this pulsar, two orders of magnitude lower than observed. (Note that the DM of this pulsar presented in table 1 was calculated from data near 430MHz only to minimize bias due to scattering.) 4.5. PSR J1951+1123: Long Period PSR J1951+1123, with a period of 5.094 s, is the slowest radio pulsar yet detected. It also has the smallest duty cycle of any pulsar. The low duty cycle can be attributed to a relatively small number of open eld lines (due to a large light cylinder radius) emerging from the pulsar's polar caps. Indeed, the duty cycle agrees remarkably well with the formula of Rankin (1990) , who nds an empirical relation between pulsar core width and period (expressed in seconds) of W = 2: 45P ?1=2 = sin , where is the inclination between the pulsar's magnetic and rotation axes. This formula yields a moderate 50 for PSR J1951+1123.
Conclusion
This project adds signi cantly to the demography of slow pulsars. While in many ways a typical sample of pulsars, the sources studied are less energetic than the bulk of the population. Because they were found in relatively deep surveys, they have fairly low luminosities. This is an important category since weak pulsars make a signi cant contribution to the neutron star population of the Galaxy, but they are di cult to model due to poor number statistics (Lorimer et al. 1993) . Various surveys for millisecond pulsars presently underway at Arecibo are capable of detecting many more weak slow pulsars such as the ones discussed here. It is important, in particular with regard to studies of the pulsar luminosity function and population statistics, that all new objects discovered in these surveys be the object of very careful timing programs.
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{ 17 { Fig. 3 .| Radio luminosities and characteristic ages for 511 pulsars. Small points represent pulsars in the catalog of Taylor, Manchester, & Lyne (1993) , together with PSR J0108?1431, the leastluminous pulsar known (Tauris et al. 1994) . Large points are derived from measurements in this paper. 
